Follicle-stimulating hormone (FSH) , luteinizing hormone (LH) fl, and a subunit messenger RNA (mRNA) levels were examined in rats after castration and sex-steroid replacement. Subunit mRNAs were determined by blot hybridization using rat FSH$ genomic DNA, and a and LH# complementary DNA (cDNA).
Introduction
Follicle-stimulating hormone (FSH),I like luteinizing hormone (LH), is a glycoprotein hormone that is synthesized in the gonadotropes of the pituitary gland. It consists of two dissimilar, non-covalently bound subunits: an a subunit that, within a species, is identical in both hormones, and a unique ,3 subunit that determines the biologic specificity of the hormone (1) . FSH is critical in the control of gonadal function and is essential for gametogenesis (1) .
Much is known about the regulation of secretion of FSH including its stimulation by LH-releasing hormone (LHRH) (2) , and its inhibition by sex steroid hormones (3) (4) (5) and inhibin (6) (7) (8) (9) . Little is known, however, about the regulation of the biosynthesis of the subunits of FSH at the pretranslational level.
Using cell-free translation, an indirect method of quantitation of messenger RNA (mRNA) levels, investigators have shown that estradiol (E2) suppresses FSHf3 mRNA levels in castrated (CAST) rams and in cultured female ovine pituitary cells (10) . Also, others have reported that FSH(B mRNA translational activity in female rat anterior pituitaries increased with ovariectomy and declined to undetectable levels with E2 treatment (1 1). We and others have demonstrated the negative regulation of a and LH/3 subunit mRNAs by sex steroid hormones (12) (13) (14) (15) . Examination of FSH# subunit steady state mRNA levels has not been possible until recently, however, because of the lack of availability of a suitable FSH,3 DNA probe.
In this study, we have used a rat FSH# genomic DNA fragment probe to investigate the hormonal regulation of FSH# mRNA in two physiologic models: (a) CAST rats and (b) CAST rats treated with sex steroids. Our results indicate that in female rats FSHf3 mRNA levels are negatively regulated by gonadal steroids, but to a lesser extent than LH# or a subunit mRNAs.
In male rats, however, there is a minimal regulation of FSHft by testosterone, in contrast to the moderate E2-mediated negative regulation of FSHB mRNA levels observed in the female.
Methods
Experimental protocols. Adult male and female Sprague-Dawley rats (CD strain, 200-225 g; Charles River Breeding Laboratories Inc., Wilmington, MA) were used in all experiments. Two experimental models were used concurrently. In the first, the castration time course model, adult male and female rats were CAST and then killed at 0, 1, 7, 14, 21, and 28 d postcastration. In the second, the sex steroid-replacement model, adult male and female rats 40 d postcastration received daily subcutaneous injections with sex steroid hormones. Males were injected with testosterone propionate (T) (500 jg/I00 g body wt) and females were injected with l7ft-E2 benzoate (10 ug/I00 g body wt). Animals were then killed 0, 1, and 7 d after injections were initiated. In both models 16-18 animals were killed for each time point. 12 animals were used for subunit mRNA determinations, and 4-6, for measurement of pituitary FSH and LH concentrations. All animals were killed by decapitation and trunk blood was collected for serum FSH and LH determinations. Whole pituitaries were carefully dissected, quick-frozen, and stored in liquid nitrogen.
Radioimmunoassay (RIA) ofFSH and LH. Serum levels of rat FSH and LH were determined by RIAs using reagents from the National Institute ofArthritis, Metabolism, and Digestive Diseases (Bethesda, MD) as described previously (16) , except that RP-2 standards were used. Pituitary concentrations of FSH and LH were also determined by RIA in the same fashion using extracts prepared from pituitaries homogenized in phosphate-buffered saline (16) .
DNA Probes. Synthetic rat a and LHi subunit complementary (cDNAs), and mouse fl-actin cDNA have been described previously (14) . (14) . The blots were then subjected to autoradiography at -70'C with an intensifying screen. Blots hybridized with the FSHfl probe were autoradiographed using two intensifying screens at -700C. Band densities were determined by semiquantitative analysis with scanning densitometry. Dose-response curves with RNA dilutions have been determined previously (14) and were found to be linear.
Standardization ofdata. The total amounts of RNA in each lane of any given blot were internally standardized by determining the level of B-actin mRNA for each sample and correcting the a, LH/3, and FSHI3 subunit mRNA levels accordingly (14) .
Statistical analysis. t test for independent samples was used to analyze the data from the determinations for pituitary concentrations of FSH and LH, and a Wilcoxon rank-sum test (Mann-Whitney variation) was used for all other data.
Results
Females Castration time course. The time course of the changes postcastration in serum and pituitary gonadotropins as well as subunit mRNA levels were examined in female rats. With castration, serum FSH increased fivefold (P < 0.001) by 3 d or sixfold (P < 0.01) by 7 d postcastration and remained at these levels at the 21-and 28-d time points (Table I ). In contrast, the earliest significant rise, a ninefold elevation (P < 0.001), in serum LH was a 7 d postcastration, and levels were still increasing at 28 d postcastration, when values were 23-fold elevated (P < 0.001), as compared with the levels observed at 0 d.
Pituitary concentrations of FSH and LH also increased gradually after castration in female rats, although the magnitude of these changes were much less dramatic than those seen in serum. Pituitary FSH concentration increased fourfold (P < 0.05) by 3 d and fivefold (P < 0.05) by 21 d postcastration (Table I) . Fig. 1 . The rat FSH,3 mRNA was found to be -1.7 kb in size. With castration, FSH(B mRNA levels increased only fourfold (P < 0.001), whereas LH(# and a increased twenty-(P < 0.05) and eightfold (P < 0.001), respectively. With E2 treatment, all three subunit levels decreased markedly, approaching normal levels (Fig. 2 ). There were early, statistically significant rises in all three subunit mRNAs (Fig. 3) .
Note, however, by 28 d postcastration FSHI3 subunit mRNA levels were fivefold elevated as compared with normals (P < 0.001), whereas those of LH/3 and a were thirty-(P < 0.05) and fourfold (P < 0.001) elevated, respectively. (Fig. 4) . By 28 d postcastration, LH# and a subunit mRNA levels increased four-(P < 0.001) and twofold (P < 0.05), minimal, but statistically significant elevations at 3, 7, (P < 0.001), and 21 d (P < 0.05) postcastration.
Sex steroid replacement. As in the female, both serum FSH and LH increased markedly with orchiectomy in male rats. Serum FSH and LH increased three-(P < 0.001) and twelvefold (P < 0.05), respectively (Table II) . With T replacement, serum LH levels declined dramatically so that by 7 d postcastration they were below the levels in intact animals (P < 0.001). By comparison, although serum FSH levels declined significantly, the decrements were less striking. By 7 d postcastration, levels were still significantly above normal (P < 0.001).
Pituitary LH concentrations also increased with orchiectomy such that levels in CAST male rats were threefold (P < 0.05) higher than those observed in normals (Table II) . With T replacement, pituitary LH levels in CAST males declined markedly but not to the levels seen in intact animals (P < 0.05). In contrast, there were no statistically significant elevations in pituitary FSH concentrations with castration. Also, with 7 d ofT replacement, pituitary FSH concentrations did not change significantly from normal.
In the male rats, in general, changes in pituitary subunit mRNA levels reflected the changes seen in the serum and pituitary concentrations of FS1-and LH. With castration, LHI3 mRNA levels increased eightfold, whereas a mRNA levels increased fourfold (P < 0.001) (Fig. 5) It is also important to note that single doses of E2 and T were administered to female and male rats in this study. These doses were chosen because they are supraphysiologic and had been demonstrated to lower serum FSH and LH levels in previous studies (20) (21) (22) (23) . Whether other dosage regimens would result in a different pattern of regulation of the gonadotropin subunit mRNAs remains to be established.
There are two remarkable aspects of these findings. First, in both females and males FSH(3 mRNA levels increased to a much lesser extent by 28 d postcastration than did the LH,3 mRNA levels. Second, the response of the FSH(3 mRNA levels to both castration and to sex steroid replacement was markedly different in the males when compared with the females.
Differences in FSH(B and LH,3 steady state mRNA levels could be explained by differential rates ofsynthesis or degradation or both. LHRH affects the secretion ofFSH and LH differentially (24, 25) and has also been shown to increase the synthesis of a and LH# at the pre- (26) and posttranslation (27) The role of other hypothalamic factors, such as the recently described gonadotropin-releasing hormone-associated protein, in the biosynthesis of FSH,3 and LH# remains to be elucidated (28) .
The recently characterized gonadal peptides, the inhibins (6, 7, 29, 30) , and FSH-releasing peptides (31, 32) also may contribute to the differential regulation of FSH# and LH(3 mRNAs in response to castration and sex steroid replacement with potential effects on transcription or RNA stability. The inhibins selectively decrease (6, 7), whereas FSH-releasing peptides selectively stimulate FSH secretion in vitro (32, 33 
